Journal of Forestry Research (2014) 25(3): 605-611 
DPI 10.1007/sl 1676-014-0448-z 

ORIGINAL PAPER 


The changing landscape of mangroves in Bangladesh compared to four 
other countries in tropical regions 

S. M. Mijan Uddin • A.T.M. Rafiqul Hoque • Saiful Arif Abdullah 


Received: 2012-10-28; Accepted: 2013-02-26 

© Northeast Forestry University and Springer-Verlag Berlin Heidelberg 2014 


Abstract: Loss of mangroves and consequent habitat fragmentation is a 
major concern throughout the world’s tropical countries. Conversion of 
mangrove habitat due to aquaculture, agriculture, urbanization and 
industrialization, ecotourism, overlapping bureaucracy and conflicting 
policies is occurring at a striking rate. This paper reviews the trends of 
mangrove area changes in Bangladesh and compares them with four 
other countries in tropical regions that have significant mangrove areas. 
The rate of mangrove loss from the 1980 to 2005 was calculated using 
the compound interest rate formula for its explicit biological implication. 
In Bangladesh, the area of mangroves was found to have increased due to 
its higher accretion rate. In India the rate of mangrove loss had fallen. 
The rate of mangrove loss in Malaysia in the 1990s (-0.008 ha-a' 1 ) was 
higher than the 1980s (-0.004 ha-a' 1 ). In Indonesia, the rate decreased, 
from the 1980s (-0.018 ha-a' 1 ) to the 1990s (-0.010 ha-a' 1 ). Finally in 
Myanmar the rate of mangrove loss gradually accelerated. Aquaculture 
was found to be the common cause of mangrove conversion in the 
regions. Loss of mangroves is now a prominent global issue, associated 
with the loss of biodiversity, deterioration of habitat integrity, climatic 
changes, the amount of carbon sequestration, and resulting sea-level rise. 
Therefore, a systematic evaluation of these environmental impacts is 
prerequisite to realize sustainable mangrove management. 
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land-use change. 

Introduction 

The transformation and degradation of tropical forests is thought 
to be one of the major components of the carbon cycle. It has 
profound implications with detrimental consequences for the 
natural resources (including biological resources) of the 
landscape (Sanchez-Azofeifa et al. 2003; Vina et al. 2004). Here, 
landscape refers to a mosaic of heterogeneous vegetation types, 
shapes and land use (Jorge 1997). The management of 
landscapes for biological conservation and ecologically 
sustainable natural resource use are crucial global issues 
(Lindenmayer et al. 2008). Landscape change through forest loss 
and fragmentation increases atmospheric C0 2 and other trace 
gases (Skole and Tucker 1993; Houghton 2003; Cayuela et al. 
2006). 

Mangroves are the inter-tidal wetlands of the tropical and 
sub-tropical coastlines. Though they occupy small area, they are 
highly productive ecosystems. Unfortunately the protective, 
productive, and ecological roles of these mangroves are not duly 
acknowledged. The Sundarbans and Chakaria Sundarbans 
represent natural mangroves in Bangladesh. The Sundarbans 
spreading over the southern part of Bangladesh and Pashchim 
Banga (formerly known as West Bengal state of India) is the 
largest single continuous patch of productive mangrove forest of 
the world. Malaysia is one of the 14 major deforesting countries 
with over 250,000 ha lost annually (McMorrow and Talip 2001). 
By 2005, about 16.2% of the total mangrove of Malaysia was 
gone over the last 25 years (FAO 2007). 

Extensive aquaculture production has led to widespread 
mangrove destruction in all tropical regions of the world 
(Paez-Osuna 2001).The impacts of aquaculture on mangrove 
forests are estimated to be considerable, especially in Asia, 
where an estimated 1 million ha of coastal lowlands have been 
converted for shrimp aquaculture (Paez-Osuna 2001). Though 
shrimp ponds in Malaysia dominate the coastal aquaculture, the 
rate of increase in fish cage farming is nearly six times faster 
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than the growth of shrimp ponds (Alongi et al. 2003). 
Alonso-Perez (2003) reported that, the development of shrimp 
aquaculture had changed the coastal landscape covering 3,190 ha 
in less than 15 years. 

Conversion of mangroves to other land uses can increase 
shoreline erosion and adversely affect biogeochemical and 
hydrological cycles that regulate water quality, offer flood 
protection and moderate climate (Ismail 1995; Seto and Fragkias 
2007). These trends have been widely covered in the national 
and international press but precise and appropriate research 
based on scientific data does not receive much coverage. The 
present study is an effort to investigate the changing mangrove 
forests in Bangladesh and to compare our findings with four 
other countries, India, Myanmar, Indonesia, and Malaysia. 

Materials and methods 

To gain a global perspective of mangrove distribution (Figs 1 
and 2), the research team examined collections of secondary 
information and visited several libraries, including Chittagong 
University, University of the Ryukyus Japan, National 
University of Malaysia, Bangladesh Forest Department (Bon 
Bhobon, Dhaka), Bangladesh Forest Research Institute. 
Information was also gleaned from refereed journals, books, and 
publications. 


16000 -i 



Region 


Fig. 1 : Most recent estimates of mangrove in different regions of the 
world 


For the study, five major countries Bangladesh, India, 
Myanmar, Malaysia and Indonesia were selected because they 
have the largest mangrove areas (Figs. 3 and 4). Field visits were 
carried out in these countries, especially in Bangladesh and 
Malaysia. Information on mangroves in India, Myanmar and 
Indonesia were compiled from secondary sources (FAO 2007) 
and through informal interview from renowned scientists from 
those countries. 



Fig. 3: Mangrove dominated countries in Asia [Black rectangle 
represents countries with highest mangrove areas 




Percentage of mangroves 


Fig. 2: Percentage of world mangrove in top ten countries 
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Fig. 4: Mangrove areas of five major dominant tropical countries in Asia 

The changing trends in mangrove areas (the annual changing 
rate of mangrove forest), r was calculated using the compound 
interest rate due to its explicit biological implications (Puyravaud 
2003). 
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where, A x and A 2 are the area under forest cover at time t\ and t 2 . 
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Results and discussion 

Distribution of mangroves around the world 

Mangroves are distributed latitudinally within the tropics and 
subtropics reaching their maximum development between 25°N 
to 25°S. Climatic factors such as temperature and moisture affect 
mangrove distribution. In some areas, coastal processes like tidal 
mixing and coastal currents may also influence mangrove 
distribution. The richest mangrove communities occur in areas 
where the water temperature is greater than 24°C in the warmest 
month. Mangrove ecosystems are estimated to cover 181,000 
km 2 worldwide (Spalding et al. 1997). 

Some 15.2 million hectares of mangroves are estimated to 
exist worldwide as of 2005, down from 18.8 million hectares in 
1980 (FAO 2007). The most extensive mangrove area is found in 
Asia, followed by Africa and North and Central America (Fig. 1). 
Five countries (Indonesia, Australia, Brazil, Nigeria, and Mexico) 
together account for 48 percent of the total global mangroves and 
65 percent of the total mangrove area is found in just 10 
countries (Fig. 2). The remaining 35 percent is spread over 114 
countries and areas, of which 60 have less than 10,000 ha of 

Table 1: Drivers of mangrove destruction 


mangrove each (FAO 2007). 

Drivers of change in particular to mangrove 

The greatest concentration (41.5%) of the world’s 18 million 
hectares of mangroves exists in Asia, and Southeast Asia has the 
widest expanse (at least one million ha) of brackish water 
aquaculture ponds (Primavera 2000). Most of the mangrove 
areas in the region have been degraded and denuded at an 
unprecedented rate. Global and regional attention is required to 
conserve the remaining mangroves because of land-use changes 
accompanying economic growth and urban settlement expansion 
in coastal areas of the region (Samarakoon 2004). However, the 
causes of mangrove depletion vary from country to country 
(Siddiqi 2001). Proximate causes are human activities or 
immediate actions at the local level that originate from intended 
land use and directly impact forest cover (Lambin et al. 2001). 
Different proximate and underlying driving forces are found 
responsible for tropical deforestation (Contreras-Hermosilla 
2000; Geist and Lambin 2002). The most prominent drivers of 
mangrove destruction in the selected region are shrimp 
aquaculture, infrastructure extension, agricultural expansion, 
wood extraction, natural causes, and construction of dams (Table 

i). 


Drivers of mangrove destruction 

Bangladesh 

India 

Myanmar 

Malaysia 

Indonesia 

Proximate causes 






a) 

Shrimp aquaculture 

X 

X 

X 

X 

X 

b) 

Infrastructure extension 

X 

X 

X 

X 

X 

c) 

Agricultural expansion 

X 


X 



d) 

Wood extraction 

X 

X 

X 



e) 

Natural causes 

X 

X 

X 


X 

0 

Human induced activities 

X 

X 

X 


X 

Underiving 

causes 






a) 

Demographic factors 

X 

X 

X 



b) 

Economic factors 

X 

X 

X 



c) 

Technological factors 


X 

X 

X 

X 

d) 

Policy and institutional factors 

X 

X 

X 


X 

e) 

Governance weaknesses 

X 


X 


X 

0 

Broader socioeconomic and political causes 

X 

X 

X 

X 

X 


In many countries, large-scale conversion of mangroves was 
carried out for aquaculture facilities. In the southwest part of 
Bangladesh, one of the oldest mangrove forests of the 
subcontinent, the ‘Chakaria Sundarbans’ had an area of 6020 ha 
in 1972, which was completely destroyed in 1989 (Akhter 2011) 
as consequence of human intervention, including as salt 
production and shrimp aquaculture. The key objectives of the 
Bangladesh forestry sector are to bring forests under sustainable 
management. The construction of infrastructure in the mangrove 
forest could destroy the mangrove forest and make the area most 
vulnerable to natural disasters. 

Shrimp aquaculture was found to be an important cause of the 
conversion of mangroves in India in the last decades (Hein 2000). 
Besides, large aquaculture schemes critically threaten the 
existing mangroves in Malaysia (Ong 1982). Furthermore, rapid 


industrial development and urbanization in the region during the 
past two decades have given rise to the increased quantity and 
diversity of toxic and hazardous wastes on coastal resources 
(Abdullah 1995; Oo 2002). In Thailand, 55% of the country’s 
mangroves were converted to aquaculture between 1961 and 
1993 (Seto and Fragkias 2007). In the Philippines, approximately 
about 70% mangroves were lost from 1918 to 1987 to 
accommodate the aquaculture industry (Trino and Rodriguez 
2002 ). 

The underlying forces are fundamental social processes that 
underpin the proximate causes and either operate at the local 
level or have an indirect impact from the national or global level 
(Geist and Lambin 2002). Overlapping bureaucracy and 
conflicting policies were found to be the dominant underlying 
social driving forces in the selected countries (Lambin et al. 
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2001). In Myanmar, mangrove forests have been rapidly denuded 
and deforested due to population pressure and political instability 
that caused environmental and economic damage and threatened 
recovery (Oo 2002). Lack of awareness or public education 
(Sarkar and Bhattacharya 2003) and good governance to 
implement sustainable resource conservation and environmental 
protection activities at grass root level could exacerbate all other 
driving forces of mangrove destruction (Hsiang 2000; Kumar 
2000 ). 

The adoption of Bangladesh’s Coastal Zone Policy of 2005 
has brought about successful integrated coastal zone 
management (Iftekhar 2006). The adopted management 
measures not only contribute to forestry resource management 
but also to the social, environmental and economic wellbeing of 
the coastal communities. These efforts are, at present, being 
integrated into an integrated coastal zone management (ICZM) 
project (Iftekhar and Islam 2004a, b). 

Forest decline in Sabah, Malaysia has resulted from state 
policies operating within the federal context. Commercial estate 
agriculture, especially oil palm, is now the major cause of forest 
loss, aided by Sabah's land-tenure code and the ethnic equality 
and modernization agendas of national and state agriculture 
policy (McMorrow and Talip 2001). The alternative mangrove 
land uses should only be judged after taking into account the 
environmental subsidies involved and possible losses through 
land-use changes (Marshal 1994). To arrest the continued 
degradation allowed by conventional forest management flaws, 
adaptive co-management could be recommended to conserve this 
ecosystem in a more equitable way (Iftekhar and Takama 2008). 

Trends and changes of mangroves in Bangladesh comparing 
other countries 

The rate of change as well as its trends in the study area is shown 
in Figs. 5 and 6. The rate of mangrove landscape change in 
Bangladesh has decreased compared to earlier decades. 
Mangrove areas are decreasing, in particular the Chakaria 
Sundarbans and the Sundarbans mangrove forest (Iftekhar and 
Islam 2004b; Akhter et al. 2009). However the study did not 
consider the rate of accretion in the coastal region that obviously 
lead to the increase of the mangrove landscape as a whole. Hence 
the area of mangroves was increased due to its higher accretion 
rate. In India, the rate of mangrove loss was decreased. The 
major reason for this trend is probably be the absence of 
agricultural expansion as a driver of mangrove change and 
present good governance (Table 1). 

The rate of mangrove loss in Malaysia in the 1990s (-0.008 
ha-a' 1 ) was higher than that of the 1980s (-0.004 ha-a' 1 ). In 
Malaysia, palm oil expansion as an agricultural activity was one 
of the major drivers behind the higher losses in recent decades. 
The rate was higher in 1980s (-0.018 ha-a" 1 ) than that in 1990s 
(-0.010 ha-a" 1 ) in Indonesia, whereas, in Myanmar the rate of 
mangrove loss gradually accelerated and aquaculture is the main 
reason. Coastal encroachment and weak governance are other 
important driving forces for mangrove landscape destruction. 
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Fig. 5 : Rate of change from 1981-2005: Changing landscape of 

mangrove areas (ha-a' 1 ) 
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Fig. 6 : Trends of changes of mangrove areas (ha) from 1980 to 2005 


Major reasons for mangrove area increase in Bangladesh 

The degradation of the Sundarbans has been raised in recent 
decades (Karim 1994, 1995; IUCN Bangladesh 2001; Siddiqi 
2001). Iftekhar and Islam (2004b) mentioned reduction in the 
extent of forest cover as one of the reasons of degradation. Prior 
to 1870, reliable estimates of the aerial extent of the Sundarbans 
forest are not available. Available literature supports that during 
1873-1933 the forest has been reduced from 7,500 km 2 to 6,000 
km 2 (Curtis 1933; Blasco 1977). Until then the boundary of the 
forest remained almost unchanged (Iftekhar and Islam 2004b). 
Vegetation inventories of the forest show that the aerial extent of 
the tree coverage has been reduced by 0.04% per year during the 
period 1926/28-1995. 

However, data on all the measured vegetation characteristics 
are not directly comparable due to methodological differences in 
the vegetation inventories (Canonizado and Hossain 1998; FAO 
1998). Besides, Akhter et. al. (2009) reported that the Chakaria 
Sundarbans mangrove forest areas have been shrinking in 
Bangladesh. They found that the natural mangrove of Chakaria 
Sundarbans was covering an area of 6,020 ha. in 1972, which 
was completely destroyed in 1989, except for a few patches of 
mangrove plantations in the newly accreted lands where the 
Bangladesh Forest Department had initiated plantation programs 
to rehabilitate the mangrove ecosystem along the coastal belts. 
Field investigations in 1999 showed only about 20 percent of the 
total plantations were remnants of the newly accreted lands 
(Akhter et. al. 2009). 

Knowledge on how fluvial and marine sediments behave and 
are retained in the area is important for the long-term 
development of the coastal area. Huge amounts of sediments 
carried by the flow are deposited in the channels and on the tidal 
mud flats, mangroves, and salt marshes, compensated by quite 
similar eroded amounts from the banks of channels where 
sediments are being picked up and further transported (Islam 
2004). 

Land erosion and accretion are common natural phenomena in 
the coastal zone. Excluding intertidal erosion and accretion, the 
overall land gain for the Meghna estuary system was 50,800 ha 
(Fig. 7). The average annual gain for the entire study period was 
1880 ha-a 1 (Islam 2004). Bangladesh has one of the largest 
mangrove plantation programs in the world. Over the last four 
decades, the Forest Department has successfully implemented 
several massive projects and has established more than 148,000 
hectares of mangrove plantations scattered over on and offshore 
areas, mostly along the central part of the coast. So, besides the 
huge land gain from accretion of coastal areas, government 
initiative for plantations is the major reason for increasing 
mangrove areas in Bangladesh. 


Conclusion 

Mangroves are disappearing worldwide by 1 to 2 percent per 
year, a rate greater than or equal to declines in adjacent coral 
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reefs or tropical rainforests (FAO 2003; Stone 2007). In 
developing countries, the losses are occurring at an alarming rate. 
Over the last quarter century, mangrove losses range consistently 
between 35 and 86% (Duke et al. 2007). The number of plant 
species is sometimes directly correlated with forest size (Duke et 
al. 1998; Ellison 2002). Loss of mangroves has been associated 
with prominent global issues, including loss of biodiversity, 
deterioration of habitat integrity, climatic changes through 
alteration in the rate of evapo-transpiration, the amount of carbon 
sequestration and the resulting sea-level rise. Obviously 
destruction of mangroves will decrease of species richness and 
result in declining forest services. Species extinction will be 
followed by the reduction of a huge carbon sink. Both terrestrial 
and aquatic food webs will be destroyed. People’s dependence 
on forest would be deprived of the resources they have been 
enjoying in particular environmental protections from strong 
wind and tidal surges. 



Fig. 7: Summery of erosion and accretion in the Meghna Estuary During 
1973-2000 (MES, 2001) 

Restoration of mangrove forests must be done to combat the 
growing pressures of urban and industrial developments along 
coastlines, combined with climate change and sea-level rise. We 
need to reverse the trend of mangrove loss and ensure that future 
generations enjoy the ecosystem services provided by such 
valuable natural resources. Good governance and wise policy 
decisions will be necessary to halt massive mangrove destruction. 
At the same time, a systematic evaluation of environmental 
impacts throughout the mangrove region is the prerequisite for 
reaching sustainable mangrove management. 
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